The synthetic cathinones are an emerging class of designer drugs abused for psychostimulant and hallucinogenic effects similar to cocaine, methylenedioxymethamphetamine (MDMA), or other amphetamines. Abuse of synthetic cathinones, frequently included in products sold as 'bath salts', became prevalent in early 2009, leading to legislative classification throughout Europe in 2010 and schedule I classification within the United States in 2011. Recent pre-clinical and clinical studies indicate dysregulation of central monoamine systems are a principal mechanism of synthetic cathinone action and presumably underlie the behavioral effects and abuse liability associated with these drugs. This review provides insight into the development of synthetic cathinones as substances of abuse, current patterns of their abuse, known mechanisms of their action and toxicology, and the benefits and drawbacks of their classification.
Introduction
Designer drugs are synthetic compounds developed to provide rewarding effects similar to illicit drugs of abuse (e.g. opioids, amphetamines, and marijuana) while circumventing existing legislative classification and penalty. Recently, designer drug mixtures have been marketed and sold as 'legal highs' over the internet and in head shops worldwide. The synthetic cathinones are one of the most prevalent classes of compounds found in these products, frequently sold as 'bath salts' or 'fertilizer' despite having no such purposes and are insufflated (snorted), ingested, or injected by users seeking psychostimulant effects similar to cocaine, methylenedioxymethamphetamine (MDMA) or other amphetamines. Possession, use, and synthesis of the synthetic cathinones was legal until their emergency schedule I classification in 2011 followed by permanent schedule I classification in the Synthetic Drug Abuse Prevention Act of 2012 (Drug Enforcement Administration, 2011) . Schedule I classification will undoubtedly reduce access to and consumption of synthetic cathinones, but will also limit research on these relatively unstudied compounds to a very small number of laboratories and institutions that have been licensed to work with schedule I drugs.
This review aims to provide insight into the development of synthetic cathinones as substances of abuse, current patterns of their abuse, known mechanisms of their action and toxicology, and the benefits and drawbacks of their classification. A brief history of designer drugs will be followed by a description of the manner and prevalence of current synthetic cathinones abuse. This review will then focus on emerging research describing the mechanisms of action, toxicology, and abuse liability of synthetic cathinone compounds, and discuss why categorizing the chemical basis for these substances is important and necessary. Finally, the impact of scheduling upon the ability to research and understand the pharmacology of these drugs will be described.
A Brief History of Designer Drugs
The Controlled Substances Act of 1970 established a framework for regulating substances of abuse within the United States (US) by scheduling them based upon medical use, abuse liability, and risk of developing physical or psychological dependence. Compounds are classified on a scale from schedule I to V, with schedule I drugs considered to have the greatest risk and abuse liability without significant medical application and schedule V drugs having accepted medical use with minimal liability or risk. Following passage of the Controlled Substances Act of 1970, a number of compounds were abused to mimic the effects of popular illicit drugs while avoiding regulation. The term 'designer drug' was coined in the early 1980s to describe such compounds, which were often synthesized in small home laboratories from widely available over-the-counter drugs or chemical precursors and not illegal provided they were structurally different from scheduled drugs (Ziporyn, 1986) . Synthetic opioids were the first compounds termed designer drugs, appearing in California as 'China White' in 1979 and produced by fentanyl modification to mimic the effects of heroin and morphine (Henderson, 1988 , Kram et al., 1981 , Ziporyn, 1986 .
Many designer drugs were first synthesized for research or medicinal purposes by chemists in academia or the pharmaceutical industry. The means of synthesis and effects of these compounds were widely available in the research literature, only to be rediscovered at a later date (in some cases decades later) and repurposed as drugs of abuse. For example, MDMA was first synthesized, described and patented by Merck in 1912, but did not appear on the streets until 1970 and was not extensively abused until the mid-1980s (for a fascinating review on the history of MDMA, see (Freudenmann et al., 2006) ). Following the widespread abuse of China White and other fentanyl analogues, psychostimulants developed decades earlier emerged and gained popularity as designer drugs, including the amphetamine analogues methylenedioxy-amphetamine (MDA), methamphetamine (METH) and MDMA.
Under the Controlled Substances Act, the government had no authority to prosecute the possession, production, or consumption of illicit drug analogues -the designer drugs -until those specific compounds were scheduled. The growing abuse of designer drugs led to the Controlled Substance Analogue Enforcement Act of 1986, which dictated that "any substance intended for human consumption with a chemical structure similar to a schedule I or II controlled substance that has a similar or greater stimulant, depressive, or hallucinogenic effect shall be treated as a schedule I substance."(1986) To sidestep prosecution under the Analogue Enforcement Act, two tactics have been employed by designer drug producers. First, designer drugs that achieve the stimulant, depressant or hallucinogenic effects of schedule I substances with little structural analogy have been pursued and developed. Second, designer drugs have been explicitly marketed as products 'not for human consumption'. Both strategies, in part, have led to the production and abuse of synthetic cathinones in the US without legal ramification until their recent scheduling.
History and Abuse Prevalence
Synthetic cathinones are the most common group of psychoactive compounds, along with the piperazines, found within 'bath salts' sold through the internet and in head shops worldwide (Davies et al., 2010) . The most widely abused synthetic cathinones -4-methylmethcathinone (mephedrone), 3,4-methylenedioxymethcathinone (methylone), and 3,4-methylenedioxyprovalerone (MDPV) -are all derivatives of cathinone, a naturally occurring stimulant found in the leaves of khat. Cathinone is an alkaloid, similar in structure and action to amphetamine, whose analogues have been used as stimulants for centuries (Kalix, 1981) . Chewing khat dates back to at least the tenth century and continues today, with its origins and popularity associated with East Africa and the Arab Peninsula (Gebissa, 2010) . The chemical structures and synthesis of some synthetic cathinones have long been known but only recently abused. Methcathinone, a methylated analogue of cathinone, was synthesized in 1928 (Sanchez, 1929) and was the first synthetic cathinone designer drug, with reports of abuse beginning in the early 1990s (Emerson and Cisek, 1993) . Synthesis of mephedrone and MDPV were first described in 1929 (Sanchez, 1929 (Sanchez, ) and 1967 (Sanchez, (G.m.b.H., 1967 , respectively, but abuse was not reported until the early 2000s. Methylone is more recent analogue, patented 1996 (Jacob Peyton III, 1996) .
Following their discovery, the synthetic cathinones were ignored until their abuse as a legal alternative to MDMA was first reported on internet drug websites in 2003 (Morris, 2010) and became prevalent within the United Kingdom in 2009 (BBC, 2009) . Mephedrone is the most widely abused synthetic cathinone within Europe, whereas MDPV and methylone are the most frequently abused synthetic cathinones within the US. Synthetic cathinones are most frequently consumed as white powder or crystalline 'bath salts' mixtures but are also taken orally in tablet and pill form (Wood et al., 2012) . Tablets or pills sold throughout Europe containing mephedrone are marketed as 'meow meow', 'bubbles', 'top cat', '4-MMC', and 'ecstasy'. Though ecstasy has long been synonymous for MDMA (Freudenmann, Oxler, 2006 ), mephedrone appears to be replacing MDMA in many tablets marketed as ecstasy (Brunt et al., 2011) . Indeed, recent seizures of ecstasy by law enforcement throughout Europe indicate tablets often contain a mixture of mephedrone, MDMA and caffeine, with mephedrone the primary constituent in the majority of tablets (Addiction, 2011 , Brunt, Poortman, 2011 .
Bath salts are synthetic cathinone powders distributed under trade names such as 'Ivory Wave', 'White Lightning' and 'Vanilla Sky' and labeled as "not for human consumption" to avoid penalty under the Analogue Enforcement Act (Addiction, 2011 , Davies, Wood, 2010 , Kasick et al., 2012 , Winstock et al., 2011 . These compounds are most frequently insufflated (snorted), but nasal agitation leads many users to smoke bath salts, take them orally or rectally, or to inject them intravenously or intramuscularly (Addiction, 2011 , Kavanagh et al., 2012 . Since crystallized synthetic cathinones are water soluble, bath salts are readily dissolved in beverages and orally ingested (Addiction, 2011). As with tablets, mephedrone is more prominent in European bath salts whereas MDPV is more prominent in US bath salts. Despite distribution through street-level dealers, head shops, smoke shops, adult book stores, gas stations and internet retailers within Europe, the US and worldwide, the overwhelming majority of synthetic cathinones are produced in China and surrounding South East Asian countries. The synthetic cathinones are commonly transported in powder-form to distributors, where they are then tabletted, pilled or adulterated prior to sale (Addiction, 2011) . Producers and sellers claim to provide synthetic cathinones with over 99% purity.
However, analyses of seized and purchased products demonstrate purity of around 95% with adulterants including benzocaine, lidocaine, caffeine, piperazines and paracetamol (Addiction, 2011 , Davies, Wood, 2010 .
The worldwide rise of synthetic cathinone abuse has been rapid and extensive. Mephedrone was the first synthetic cathinone detected by European authorities in late 2007 and by 2010 mephedrone had been detected and seized in 28 European and neighboring countries (Addiction, 2011) . Although usage data are limited in scope and self-reported, synthetic cathinone abuse gained prevalence within the UK between 2009 and 2010. Monthly enquiries to the UK National Poisons Information Service regarding cathinone toxicity rose from 0 in 2009 to over 600 in 2010 (James et al., 2011) . By 2010, mephedrone was the third most commonly abused drug in the UK (The NHS Information Centre, 2011) and approximately 20% of UK school and college/university aged individuals (between the ages of 14 and 20) reported its use that year (Dargan et al., 2010) . By 2012, 128 mephedroneassociated fatalities had been reported within the UK (Schifano et al., 2012) . (Wiegand et al., 2012) .
Motivation for Abuse and Reported Effects
Synthetic cathinones are abused for social and economic reasons in addition to their stimulant and hallucinogenic properties, often serving as a replacement for MDMA, cocaine and the amphetamines. Due to the rapid and recent ascent of abuse, profiles of synthetic cathinone abuse and abusers are limited to case reports of toxicity and surveys of UK mephedrone users. Typical mephedrone users are young adult (mean age of 25.1 years old) men (77%) who are either employed or in school (86%) with a history of stimulant (96% ecstasy use, 92% cocaine use) and polydrug use (Addiction, 2011 , Carhart-Harris et al., 2011 , Freeman et al., 2012 , Schifano, Corkery, 2012 . Mephedrone is often taken in binge fashion, with an average of 6 doses over a 9-hour period and 30 minutes to 2 hours between doses, in social settings, such as friends' homes, house parties or night clubs, and frequently with other drugs (e.g., alcohol, cocaine, ecstasy, cannabis, ketamine). Total mephedrone consumed during any given session ranges enormously, from 25 mg to 9 g (Addiction, 2011 , Carhart-Harris, King, 2011 , Freeman, Morgan, 2012 , Schifano, Corkery, 2012 .
Though limited data exist, regular mephedrone users report (in order of decreasing incidence) feelings of intense euphoria, increased concentration, talkativeness, empathy and an "urge to move", as well as heightened sexual desire (Winstock, Mitcheson, 2011) . The same users report a number of negative effects associated with mephedrone during its use (in order of decreasing incidence), including jaw clenching, reduced appetite, increased body temperature and sweating, a racing heart, and problems with memory (Winstock, Mitcheson, 2011) . Withdrawal effects following mephedrone use most frequently include tiredness, insomnia, nasal congestion and impaired concentration (Winstock, Mitcheson, 2011) . A number of social and economic factors concurrent to the hedonic effects of the synthetic cathinones motivate users to abuse these drugs. Most users have a polydrug history of abuse and aren't necessarily concerned with legality. Instead, perceptions of drug high, drug cost and side effects primarily motivate mephedrone abuse. Mephedrone is perceived as a good value for the money with comparable or better highs and fewer side effects than other stimulants, such as MDMA and cocaine (Addiction, 2011 , Freeman, Morgan, 2012 , Winstock, Mitcheson, 2011 . Importantly, mephedrone is considered a more consistent product than either MDMA or cocaine (Addiction, 2011 , Freeman, Morgan, 2012 , which coincides with reports of wide variation in MDMA content within ecstasy tablets (Wood et al., 2011) . Together, the perceptions of mephedrone being a more consistent and safer product and better value than MDMA or cocaine appear to be driving mephedrone preference over other stimulants.
Chemical Structure
The synthetic cathinones are β-ketoamphetamines with structural similarity to dopamine, methamphetamine, MDMA, and pyrovalerone (Figure 1 ). The backbone of mephedrone, methylone and MDPV is a phenethylamine with a ketone group at the β carbon. Mephedrone is methylated on the amine group, α carbon, and aromatic ring of this backbone, forming a structure similar to methamphetamine and methcathinone. Methylone is also methylated on the amine group and α carbon of this β-ketophenethylamine backbone, but has a methylenedioxy ring attached to the aromatic ring, forming a structure similar to MDMA. MDPV has the greatest structural divergence from other synthetic cathinones, with a methylenedioxy ring attached to the aromatic ring of the β-ketophenethylamine backbone and a pyrrolidinyl ring and propane attached to the α carbon, forming a structure similar to pyrovalerone. Structural semblance between the synthetic cathinones and other stimulants in many ways accounts for shared function, such as stimulating monoamine neurotransmitter release and inhibiting its reuptake from the synaptic cleft (as discussed below). Despite structural and functional analogy with other stimulants, the synthetic cathinones have just as many differences and should be considered a unique family of compounds.
Mechanisms of Action, Toxicology and Abuse Liability
Few, if any, preclinical or clinical studies evaluating the pharmacology, toxicology or physiologic effects of synthetic cathinones had been performed prior to their widespread abuse. Given their close structural similarity to methcathinone, MDMA and other amphetamines, the synthetic cathinones were predicted to act as stimulants through disruption of central monoamine systems. Indeed, recent preclinical evidence indicates dysregulation of central and peripheral monoamine systems is a primary mechanism of synthetic cathinone action. Due to the nascent nature of synthetic cathinone research, little consensus on dosages and treatment paradigms has formed, leading to a wide range of treatment parameters and variability within the reported results.
Two mechanisms are known to underlie stimulant-induced increases in extracellular monoamines: blocked transporter reuptake and elevated presynaptic release. The dopamine (DA) transporter (DAT) and serotonin (5-HT) transporter (SERT) tightly regulate the amount of neurotransmitter within the synaptic cleft, influencing the extent and duration of signaling between neurons. Loss of transporter function has been linked to both acute and long-term deficiencies in the DA and 5-HT systems following exposure to toxic levels of stimulants, primarily the amphetamines (Fleckenstein et al., 2007) . In addition, monoamine release may occur from increased synaptic vesicle release, driven by presynaptic input from other neurotransmitter systems such as the cholinergic or glutamatergic systems, and from the drug itself acting as a substrate for DAT and/or SERT and reversing the direction of neurotransmitter transport. For example, amphetamine is a DAT substrate that is actively transported into the presynaptic terminal, driving DA efflux through the DAT by rapidly increasing the concentration of substrates within the presynaptic terminal (Connor and Kuczenski, 1986, Kahlig et al., 2005) . Repeated large doses of mephedrone (10 or 25 mg/kg/ injection, subcutaneous, 4 injections, 2-hour intervals), which mimic the binge patterns observed in human consumption, reduce DAT and SERT function by approximately 20% within rat striatal and hippocampal synaptosomes, respectively, one hour following the last injection (Hadlock et al., 2011) . Multiple smaller doses (1 or 3 mg/kg/injection, subcutaneous, 4 injections, 2-hour intervals) of mephedrone have no effect upon DAT or SERT function within this same time period. In vitro transporter assays further confirm that mephedrone and methylone, when applied to synaptosomes, not only block DAT and SERT uptake (Baumann et al., 2012a but act as DAT and SERT substrates, releasing neurotransmitter from synaptosomes (Baumann, Ayestas, 2012a , Baumann et al., 2012b , Cameron et al., 2012 , Hadlock, Webb, 2011 . In contrast, MDPV does not act as a DAT and SERT substrate but functions solely as a blocker of monoamine uptake through DAT and SERT (Baumann, Partilla, 2012b , Cameron, Kolanos, 2012 . Importantly, microdialysis studies have confirmed synthetic cathinone-induced loss of DAT and SERT function to coincide with rapid increases in extracellular DA and 5-HT within DAT and SERT-rich brain regions following administration of even small doses of mephedrone (3 mg/kg, subcutaneous) (Baumann, Ayestas, 2012a , Kehr et al., 2011 ).
Short-term loss of DAT and SERT function is associated with the long-term DA and 5-HT neurotoxicity following exposure to other stimulants, namely the amphetamines (Fleckenstein, Volz, 2007) . Despite synthetic cathinone-induced short-term loss of both DAT and SERT function, persistent deficits have only been reported in the 5-HT system and under conditions that promote hyperthermia (Hadlock, Webb, 2011) . Seven days following high-dose binge mephedrone treatments, hippocampal SERT activity and 5-HT content are reduced as much as 60% and 45%, respectively (Hadlock, Webb, 2011) . However, a number of other studies have reported no loss in 5-HT content several days and weeks following mephedrone administrations, though fewer administrations, lower dosage and/or greater time periods between injections were employed under conditions that do not promote hyperthermia (Baumann, Ayestas, 2012a , den Hollander et al., 2013 , Motbey et al., 2012 . Although persistent 5-HT deficits were absent in these studies, significant behavioral consequences followed mephedrone use (discussed below) (den Hollander, Rozov, 2013) . In contrast to the 5-HT system, mephedrone causes no observable persistent deficits in the DA system. Striatal DAT activity was completely restored seven days following a binge mephedrone treatment and no loss of DA content, DAT content or tyrosine hydroxylase (TH; synthesizes DA) activity was detected within this time period (Angoa-Perez et al., 2012b , Hadlock, Webb, 2011 . Mephedrone did not appear to activate striatal microglia or astrocytes, events indicative of methamphetamine-induced dopaminergic deficits (Bowyer et al., 2008) . Surprisingly, mephedrone has a greater binding affinity for DAT than SERT.
The underlying causes of persistent synthetic cathinone-induced deficits in the 5-HT system, and lack thereof in the DA system, are unknown. Prolonged loss (greater than 24 h) of function of the vesicular monoamine transporter-2 (VMAT2), which packages cytoplasmic dopamine into synaptic vesicles, is associated with long-term stimulant-induced DA and 5-HT toxicity (Fleckenstein, Volz, 2007) . Reduced VMAT2 uptake presumably increases unsequestered DA or 5-HT within the presynaptic cytoplasmic space, which may be converted into reactive oxygen species or quinones and damage terminals (Fleckenstein et al., 1997a , Fleckenstein et al., 1997b , LaVoie and Hastings, 1999 . Some evidence indicates mephedrone administration in vivo disrupts ex vivo VMAT2 DA uptake, but the duration and specificity of reduced VMAT2 uptake (dopaminergic vs. serotonergic terminals) has not been thoroughly assessed (Lopez-Arnau et al., 2012) . If synthetic cathinones selectively and persistently reduce VMAT2 function within the 5-HT system but not the DA system, large amounts of unsequestered 5-HT may form reactive oxygen species or induce excitotoxicity that lead, in part, to selective 5-HT neurotoxicity.
Hyperthermia likely influences the extent of synthetic cathinone toxicity. The degree of hyperthermia experienced during MDMA, amphetamine and METH exposure directly impacts the magnitude of acute and long-term deficits in the DA and 5-HT systems. Lower doses of mephedrone (up to 10mg/kg) do not cause substantial or life-threatening hyperthermia (Aarde et al., 2013 , Miller et al., 2013 , Wright et al., 2012a , with core body temperatures rarely exceeding 38.0 °C. In contrast, repeated high-dose mephedrone treatment (4 × 50 mg/kg/injection, s.c., 2-h intervals) in a warm environment causes significant and prolonged hyperthermia of up to 40.0 ± 0.1 °C average core body temperature over the 8 hour treatment period (Hadlock, Webb, 2011) . Importantly, persistent serotonergic deficits have only been reported under these hyperthermic conditions (Hadlock, Webb, 2011) . Emergency room and poison control case reports indicate hyperthermia is a key symptom of human MDPV and mephedrone overdose (Borek and Holstege, 2012 , Forrester, 2013 , Levine et al., 2013 , Ross et al., 2012 , leading to core body temperatures of up to 42.1 °C (Levine, Levitan, 2013) . Consequently, investigation into the role hyperthermia plays in synthetic cathinone toxicity is warranted.
Concurrent use of other stimulants (cocaine, MDMA, other amphetamines) with synthetic cathinones is prevalent amongst abusers (Addiction, 2011 , Carhart-Harris, King, 2011 , and emerging evidence suggests synthetic cathinones enhance the toxicity of some stimulants. Mephedrone given prior to and during binge METH, amphetamine or MDMA treatments synergistically increased the loss of DA, DAT and TH content several days following drug exposure (Angoa-Perez et al., 2012a) . Other stimulants are frequently detected in toxicology reports (discussed in further detail below) of mephedrone-associated human fatalities (Schifano, Corkery, 2012) , suggesting simultaneous use of synthetic cathinones with other stimulants may amplify toxicity and enhance the rate of fatality.
Peripheral monoamines, particularly norepinephrine (NE) and 5-HT, are important regulators of autonomic nervous system function (for review, see (Berger et al., 2009) ) and disruption of these systems by stimulants frequently coincides with profound changes in peripheral organ systems, such as the cardiovascular and digestive systems. Studies in rat brain synaptosomes indicate mephedrone and methylone are NE transporter (NET) substrates while MDPV blocks NE reuptake through the NET, likely increasing extracellular NE (Baumann, Ayestas, 2012a , Baumann, Partilla, 2012b . Dysregulation of the NE and 5-HT systems by synthetic cathinones suggests these drugs affect peripheral autonomic organ systems. Though few studies have evaluated the peripheral effects of synthetic cathinones, mephedrone is known to significantly and acutely affect cardiovascular functions. Mephedrone has little effect upon cardiac ion channels or myocyte action potentials in whole cell in vitro patch clamp experiments at drug concentrations consistent with those found in the blood stream of abusers (Meng et al., 2012) . However, mephedrone dosedependently increases heart rate, stroke volume, cardiac output and cardiac contraction; effects consistent with sympathomimetic stimulation (Meng, Cao, 2012) . Surprisingly, reserpine pretreatment, which prevents monoamine release by inhibiting their uptake into VMAT2 synaptic vesicles, has no effect upon the cardiovascular effects of mephedrone, indicating peripheral 5-HT or NE release is unlikely to be directly involved (Meng, Cao, 2012) .
The synthetic cathinones, presumably through actions on the central monoamine systems, induce profound behavioral changes in animals. Mephedrone, methylone and MDPV all rapidly increase locomotor activity and stereotypy in a manner described as recurrent bouts of explosive activity separated by brief periods of rest (Angoa-Perez, Kane, 2012b , Baumann, Ayestas, 2012a , Baumann, Partilla, 2012b , den Hollander, Rozov, 2013 , Fantegrossi et al., 2012 , Kehr, Ichinose, 2011 , Marusich et al., 2012 , Wright, Angrish, 2012a . Stereotypic behaviors most frequently associated with the synthetic cathinones are head weaving, head circling, and stimulation (sudden muscle clenching and darting) (Marusich, Grant, 2012) . Unfocused and frenetic movement is significantly increased by all synthetic cathinones, but voluntary locomotor activity is disparately affected by mephedrone and MDPV. Mephedrone dose-dependently decreases the intensity and duration of wheel running, whereas low doses of MDPV increase the intensity and duration of wheel running (Huang et al., 2012) . Voluntary locomotor activity, specifically wheel running, is gated by DA D 2 receptor activation within the striatum (Klinker et al., 2013) . Consequently, activation or inhibition of these receptors by MDPV and mephedrone, respectively, is likely responsible for observed differences in voluntary locomotor activity.
Performance in complex motor and memory tasks are also affected by the synthetic cathinones, though few studies have been performed. Mephedrone dose-dependently degrades non-human primate performance on the rotating turntable and bimanual motor skill tasks, two measures of complex motor skill and procedural learning, shortly following drug exposure (Wright et al., 2012b) . Despite the loss of fine motor skill, modest improvements in visuospatial learning and memory were observed in mephedrone treated animals (Wright, Vandewater, 2012b ). Short-term gains in visuospatial memory may not persist over time or during chronic drug exposure, however. Multi-day mephedrone treatment impaired recall performance in mice tasked with the Morris Water Maze, a measure of long-term working memory(den Hollander, Rozov, 2013) . Adolescent rats given multi-day mephedrone treatment failed to discriminate novel from familiar objects thirty-five days later, further indicating that mephedrone degrades long-term working memory (Motbey, Karanges, 2012) . Many of these findings were recapitulated in humans. When intoxicated, mephedrone diminished performance in working memory tests but increased psychomotor skills, enhancing verbal and category fluency (Freeman, Morgan, 2012) . Unfortunately, the longterm consequences of mephedrone use upon human memory and behavior are unknown.
Human and animal studies indicate significant abuse liability with the synthetic cathinones. Rodents self-administer mephedrone over saline (Aarde, Angrish, 2013 , Hadlock, Webb, 2011 , Shortall et al., 2012 , discriminate mephedrone, and develop conditioned place preferences for the cage regions associated with drug infusions (Lisek et al., 2012) . Further, mephedrone potentiates responding for intracranial self-stimulation in a dose-dependent fashion to a degree comparable with cocaine (Robinson et al., 2012) . MDPV demonstrates similar degree of drug discrimination, self-administration and reduction in intracranial selfstimulation (Fantegrossi, Gannon, 2012 , Watterson et al., 2012 . These models of selfadministration and place preference are thought to reflect the positive reinforcing, or rewarding, effects of drugs while discrimination is presumed to mimic the subjective effects of drugs in humans (Schuster and Johanson, 1988) .
To the extent that the behavioral effects in animals reflect the subjective effects of synthetic cathinones in humans, mephedrone users report significantly increased desire and craving for the drug following use paired with the development of withdrawal effects and tolerance, affirming the significant abuse liability of these drugs (Freeman, Morgan, 2012 , Winstock, Mitcheson, 2011 . However, how synthetic cathinone abuse liability compares to other stimulants has only received limited investigation.
Human Toxicology
The clinical presentations of synthetic cathinone intoxicated humans coincide with the monoamine dysfunction observed in animal studies. Neurologic and cardiovascular sympathomimetic symptoms are most frequently associated with synthetic cathinone toxicity, which is not surprising given the effect these drugs have upon the monoamine systems. Agitation, paranoia, hallucinations, psychosis, myoclonus and headaches are the most frequent neurologic symptoms reported in patients experiencing synthetic cathinone toxicity (James, Adams, 2011 , Kasick, McKnight, 2012 , Spiller et al., 2011 , Stoica and Felthous, 2013 , Thornton et al., 2012 . Synthetic cathinone hallucinations are frequently auditory and tactile in nature and paired with psychoses that can be severe and long lasting; many patients are admitted days after cessation of drug use and psychotic symptoms persist for several days thereafter while receiving treatment (Kasick, McKnight, 2012, Stoica and Felthous, 2013) . The anxiolytic and antipsychotic drugs lorazepam, haloperidol, diazepam, and risperidone have been used alone or in combination to successfully treat synthetic cathinone-induced neurologic disorders (Kasick, McKnight, 2012 , Mas-Morey et al., 2012 , Stoica and Felthous, 2013 . However, haloperidol should be used with caution since it may exacerbate hyperthermia and trigger the development of neuroleptic malignant syndrome (Mas-Morey, Visser, 2012, Shalev and Munitz, 1986) .
Peripherally, the most common symptoms of synthetic cathinone toxicity include hyperthermia, hypertension, tachycardia, hyponatremia, nausea, vomiting and chest pains. The more serious symptoms of synthetic cathinone toxicity that require substantial and prolonged medical treatment, and in some cases lead to death, include liver failure, kidney failure, rhabdomyolysis, and the development of compartment syndrome (swelling in muscular fascia compartments) (Adebamiro and Perazella, 2012 , Borek and Holstege, 2012 , Levine, Levitan, 2013 , Stoica and Felthous, 2013 .
Acute drug toxicity is the leading cause of synthetic cathinone-induced fatality. Concomitant consumption of synthetic cathinones and other drugs have been reported in numerous fatalities (Aromatario et al., 2012 , Marinetti and Antonides, 2013 , Maskell et al., 2011 , Schifano, Corkery, 2012 . As discussed above, concurrent use of synthetic cathinones with other stimulants leads to significantly greater monoamine toxicity (Angoa-Perez, Kane, 2012a), which may underlie the high frequency of polydrug use fatality associated with the synthetic cathinones.
Of concern, self-harm and bizarre/at risk behavior without evidence of psychosis or depression comorbidity is the second leading cause of death associated with the synthetic cathinones. Hangings are the most common form of fatal self harm, though gunshots, selfstabbings, repeated self-lacerations including slitting of one's own throat, and jumping from bridges have all been reported (Marinetti and Antonides, 2013, Schifano, Corkery, 2012) . Limited observations of self-harm, including self-biting stereotypy and excessive grooming, have occurred in rodent models (Fantegrossi, Gannon, 2012 , Marusich, Grant, 2012 , though the synthetic cathinones are not unique amongst the stimulants in causing self-mutilation (Shishido et al., 2000 , Wagner et al., 2004 . The prevalence of self-harm in synthetic cathinone fatalities and presence of self-mutilation in animal studies certainly warrants further investigation.
Designer Drugs and Legal Considerations
Mephedrone and MDPV were classified as schedule I drugs within the US under the Synthetic Drug Abuse Prevention Act of 2012 and inclusion of methylone, along with fourteen other synthetic cathinones not discussed here, are planned to be listed as schedule I substances in the Synthetic Cathinones Control Act of 2013. Mephedrone was controlled in the UK and throughout the European Union by December 2010. Scheduling and controlling the synthetic cathinones is warranted given their significant abuse potential, known psychostimulant and hallucinatory effects, and widespread involvement in human toxicity and fatality. Yet classifying the synthetic cathinones as schedule I substances without preclinical or human research to support this scheduling is problematic in many ways. The absence of a known and accepted medical use is a major distinction between schedule I (no accepted medical use) and schedule II (accepted medical use) drugs. Accepted medical use will certainly not exist if no research has been performed prior to drug classification, and restriction of research to a limited number of laboratories and institutions with schedule I licenses makes acquiring an accepted medical use difficult. Schedule I classification will reduce synthetic cathinone abuse and consumption, as has already occurred in the UK (Freeman, Morgan, 2012) , but at the cost of hindering research into how these drugs exert their effects and how to best treat any dependence or toxicity that may arise from their abuse. Given their comparatively low toxicity to the central monoamine systems when taken alone, synthetic cathinones may be a useful alternative to amphetamines in treating disorders such as attention deficit hyperactivity disorder or treatment-resistant depression. Substantially more behavioral data are required to determine if any abuse liability and longterm behavioral changes associated with synthetic cathinone use outweigh potentially reduced monoamine toxicity. However, pursuing the studies necessary to develop legitimate synthetic cathinone clinical use is made difficult by schedule I status Nevertheless, the cat-and-mouse game between legislation and clandestine laboratories continues, with new designer stimulants replacing those outlawed almost as soon as legislation passes. Evidence suggests production and consumption of mephedrone has declined since control and scheduling, but new groups of synthetic cathinones that do not fall under current legislation are already being distributed and abused (Brandt et al., 2011) .
Conclusions
The synthetic cathinones are the latest in a long line of psychostimulant designer drugs, abused not only for their hedonic and euphoric effects but as a replacement for other tightly regulated stimulants (e.g., cocaine, MDMA, and other amphetamines) that are more expensive, more difficult to obtain and considered less pure. Purchased as bath salts or tablets from dealers, online distributors and head shops worldwide, the synthetic cathinones are insufflated, ingested orally, or injected in binge sessions that can last from several hours to days. Excessive consumption may lead to toxicity with severe neurologic and peripheral symptoms, including death.
The synthetic cathinones are a unique class of psychostimulant designer drugs that affect peripheral and central monoamine systems. Mephedrone and methylone act as transporter substrates, stimulating presynaptic monoamine release and blocking reuptake from the synaptic cleft, whereas MDPV functions as a monoamine reuptake blocker with no apparent effect upon release. The prolonged and increased presence of monoamines in the synaptic cleft likely underlies the stimulant, hedonic and hallucinatory effects of the synthetic cathinones as well as the acute and persistent deficits in the DA and 5-HT systems. Further, these drugs have significant abuse potential, exhibited by human consumption patterns as well as animal self-administration models. The basic pharmacology, toxicology, and central nervous system effects of the synthetic cathinones have been evaluated. In comparison to other stimulants, however, very little is known about the synaptic (i.e., vesicle release, vesicle reuptake, intracellular signals, extracellular receptors), systemic (i.e., changes in patterns of DA and 5-HT activity) or behavioral (i.e., positive reinforcement, negative reinforcement) mechanisms by which synthetic cathinones actually act. Substantially greater research into the consequences and potential benefits of synthetic cathinone use is therefore warranted. Chemical structures of dopamine, the synthetic cathinones, and closely related stimulants.
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